ABSTRACT
INTRODUCTION
The territory of Poland is shared largely between the Vistula and Oder river systems and 99.7% of the country area belongs to the Baltic Sea drainage basin. Only 0.1% of the area, in south-western Poland is drained to the North Sea via the Elbe river system. The remaining 0.2% of the area in south-eastern Poland belongs to the Black Sea basin, draining largely to the Strwiąż River, which is a tributary of the upper Dniester. Due to the artificial canals connecting the main rivers belonging to the Baltic basin and further joining them to the basin of the Black Sea and of the North Sea, the hydrographic network in Poland is an important stepping stone area for numerous alien and invasive aquatic species migrating from the Ponto-Caspian region to Western Europe. Three main routes of their expansion have been defined and named by Bij de Vaate et al., (2002) as the northern, central and southern migration corridor. Particularly the two latter routes have been used by five species of Ponto-Caspian gobies -the most expansive alien fish from that region (Copp et al., 2005) . The racer goby, Babka gymnotrachelus (Kessler, 1857) (syn. Neogobius gymnotrachelus (Kessler, 1857) ), colonised the middle and the upper parts of Danube (Roche et al., 2013) , from where it migrated to Rhine via the Rhine-Main-Danube Canal (Borcherding et al., 2011) . Already in mid-1990s the species was found in the Vistula river system -first in the Western Bug and soon after, in 2000, in the Vistula itself (Danilkiewicz, 1996; Kostrzewa and Grabowski, 2001) . It was the first Ponto-Caspian gobiid recorded in the Baltic stretch of the central corridor (Kostrzewa and Grabowski, 2003; Grabowska et al., 2008) . Apparently, the species reached Poland through the Pripyat-Bug canal that connects the Black and Baltic basins, namely the Dnieper and Vistula drainages, since the end of the 18 th century. Such invasion route was initially concluded from the first record locality of the racer goby in the Western Bug and the known his-N o n -c o m m e r c i a l u s e o n l y tory of its previous expansion in Ukraine and Belarus (Danilkiewicz, 1996; Grabowska et al., 2008 , Semenchenko et al., 2011 . Ohayon and Stepien (2007) revealed that the invasive population from the Vistula River is genetically identical to the native one inhabiting the Dnieper River, proving the Pripyat-Bug canal as the invasion route of racer goby to the Baltic basin. Besides, the authors reported that the populations inhabiting the Danube, Dniester and Dnieper (i.e. the species native area) are genetically distinct units.
Soon after its first record in the Vistula river system, in 2003, two individuals of racer goby were found in the Polish section of the Strwiąż River belonging to the Black Sea basin (Amirowicz and Kukuła, 2005) . Already in 2009, the racer goby dominated the local fish assemblage with a density of 3.4 ind m 2 and since then has remained very abundant Bylak, 2010, 2013) . The earlier ichthyological surveys did not reveal presence of that species in the Polish section of Strwiąż (Rolik, 1967 (Rolik, , 1971 , whereas fish fauna in the Ukrainian part of this river has never been surveyed. The racer goby is reported as native to Dniester and its tributaries, such as: Zbruch, Zwanchik, Smotrych, Reut and Bystrica (Smirnov, 1986; Khudyi, 2002; Romanescu, 2010; Manilo, 2014) . Thus, the Dniester River would seem as the most obvious donor area. However, the origin of the population in Strwiąż cannot be judged with certainty. The upper Strwiąż in Poland neighbours with the Vistula drainage system. Although the distance between Strwiąż and San, a major tributary of Vistula, is ca. 10 km there are no natural or artificial connections between the two rivers. So far there are no reports on presence of racer goby in the San River. Yet, its introduction from the Vistula basin, e.g., as live bait, cannot be excluded. Knowing that the Dnieper population (being the source for the invasion of Vistula) is distinct in genetic terms from the one in the Dniester basin, its translocation to the latter one could be treated as pollution of the local genetic pool of the racer goby. Furthermore, if indeed the population in Strwiąż is of the Dniester origin then it cannot be unequivocally defined as alien unless proven as expanded/introduced due to human activity. Then, if this population is not alien (contrary to the one in Vistula and Bug rivers), it would create a very peculiar situation and need for redefining the legal status of the species in Poland. At present, the racer goby has been enlisted as an alien invasive species posing threat to local biota (Rozporządzenie Ministra, 2011) .
Thus, our aim was to clarify the identity, origin and genetic population structure of the racer goby population from the Strwiąż River in comparison with the invasive population from the Vistula and Western Bug based on a sequenced portion of the mitochondrial cytochrome b gene. The results were compared to the already published data upon genetic composition of the native populations from the Dniester and Dnieper. Finally, we discussed our results with literature on the distribution of the racer goby in the Dniester basin and presented implications of our findings for the species invasive/native status of the populations of racer goby in Poland.
METHODS
Individuals of racer goby were collected in 2013 from several localities along Western Bug, Vistula and from the Strwiąż River (Fig. 1, Tab. 1 ). Samples of fins or muscle tissue were fixed in situ in 96% ethanol and then stored at room temperature. Each sample was homogenized in a 1.5 mL tube containing 200 mL of Queen's lysis buffer (Seutin et al., 1991) and incubated overnight at 55°C with 5 mL of proteinase K (20 mg/mL). The total DNA was then extracted based on a standard phenol-chloroform method as described by Hillis et al. (1996) . Air-dried DNA pellets were re-suspended in 100 mL of TE. The mitochondrial cytochrome b gene was amplified with the polymerase chain reaction (PCR) in 20 µL reactions containing 2 µL (c. 100 ng) of template DNA and 18 µL of mix containing 10 µM TrisHCl buffer pH 8, 400 nM of each primer, 200 µM of each dNTP and 1/2 units of Taq polymerase. Primers were AJG15 (Akihito et al., 2000) and H15343g (Ohayon and Stepien, 2007) . A negative control containing no template DNA was used in each run. PCR reactions comprised 35 cycles of 45 s at 94°C (denaturation), 30 s at 52°C (annealing) and 60 s at 72°C (extension), followed by a final extension step for 3 min. PCR products were cleaned up by exonuclease I (20 U µL -1 , Fermentas, Vilnius, Lithuania) and alkaline phosphatase FastAP (1 U µL -1 , Fermentas) treatment according to the manufacturer's guidelines. Sequencing of the PCR products was performed using BigDye terminator technology by Macrogen Inc. (Seoul, Korea) using the same primers as at the amplification stage. Sequences were edited and aligned using Bioedit, ver. 7.2.4 (Hall, 1999;  http://www.mbio.ncsu.edu/BioEdit/bioedit.html) with ClustalW plug-in. Haplotypes were identified by eye.
To test for the genetic dissimilarities between populations sampled at different localities along the Dnieper-Vistula and Dniester-Strwiąż routes, we used the F st estimator as well as the exact test of population differentiation (χ 2 contingency test comparisons) implemented in Arlequin 3.5.1.3 (Excoffier and Lischer, 2010) . Further, two models of expansion, demographic and spatial, were examined in Arlequin, using mismatch distribution analysis (Slatkin and Hudson, 1991; Rogers and Harpending, 1992) with 1000 replicates in case of both, the Vistula/Western Bug and Strwiąż populations. Haplotype frequencies for the native localities (Dnieper, Dniester) were derived from the paper by Ohayon and Stepien (2007) . 
RESULTS
A 439 bp long portion of cytochrome gene was sequenced from 82 individuals of racer goby from Polish waters (Tab. 1). This number included 22 individuals from two sites along the Vistula River (Baltic basin) and 17 individuals from two sites along the Western Bug River, the Vistula's main tributary, connected by the artificial channel to the Dnieper system (Black Sea basin) (Fig. 1) . The remaining 43 individuals came from the Strwiąż River -a tributary of the upper Dniester River (Black Sea basin) (Fig. 1) . The dataset contained no length mutations. In result we found two haplotypes in the Vistula and in the Western Bug River (reference haplotypes G and H, from earlier work of Ohayon and Stepien (2007) , of which the haplotype H dominated with frequency from 0.88 to 1. Two different haplotypes were found in the Strwiąż River (reference haplotypes A and E, from Ohayon and Stepien, 2007) , of which the haplotype A was dominant with the frequency of 0.98. Completely different haplotype compositions stand for recognising the Vistula/Western Bug and Strwiąż populations as genetically distinct units, each with its own evolutionary history. On the other side, qualitative compositions of haplotype assemblages in the Vistula/ Western Bug and Strwiąż indicate that they originated from the Dnieper and Dniester, respectively. Both tests for the genetic dissimilarities between populations show significant differences in genetic structure between the invasive population in the It results from the fact that, although the haplotype assemblage (H, G) found in Vistula/Western Bug is identical to those in the middle Dnieper in qualitative terms, it displays somewhat reversed frequency of particular haplotypes (Tab. 1). On the other hand, no differentiation was detected in pair-wise comparisons between sites along the Vistula and Western Bug. Both, the low F st values and results of the exact test of differentiation do not show any difference in genetic structure between the population in Strwiąż and that in the middle Dniester; some level of differentiation may be observed between the Strwiąż population and population from the Dniester Estuary (Tab. 2). The haplotype assemblage (A, E) in Strwiąż, is a subsample of that found in the racer goby native region -the middle Dniester (A, B, E) and the Dniester Estuary (A, F) (Tab. 1).
Mismatch analysis and a neutrality test performed for both, the Strwiąż and Vistula/Western Bug, populations clearly indicate an episode of recent expansion in both demographic and spatial terms (Fig. 2) .
DISCUSSION
Our results clearly indicate presence of two genetically distinct populations of racer goby (Babka gymnotrachelus) in Polish inland waters: one inhabiting the Vistula and Western Bug rivers, and the other one occurring in the Strwiąż River. Comparisons of haplotype assemblages in the above mentioned rivers with those in the native, Ponto-Caspian, range of the species strongly suggest that the two populations have very different origins.
In case of the Vistula River, based on one sample from the middle Vistula, Ohayon and Stepien (2007) concluded that the racer goby colonised the river from Dnieper, through the artificial Pripyat-Bug canal. Our samples were collected six years later all along the Western Bug River, from the entrance of the Pripyat-Bug canal to its confluence with the Vistula and from there down to Vistula estuary. Even such extended dataset confirms the Dnieper River as a sole source for the racer goby invasion in the Vistula River system without any signs of other introduction events, e.g. in the Vistula mouth. River mouths are known as invasion gateways, due to their transitional salinity regimes and presence of ports where ships discharge their ballast waters (Panov et al., 2009) . For example, Vistula mouth served as an invasion gateway for the Ponto-Caspian round goby (Neogobius melanostomus (Pallas 1814)) (Grabowska et al., 2010) . In case of the racer goby, it seems that the species, from its first finding in the middle Vistula in 2000, has colonised the river down to the mouth (more than 300 km) in less than a decade. Such expansive stage of this population is supported by the results of the mismatch analysis and absence of differences in population genetic structure between localities along the river (Tab. 2).
Interesting is, though, the observed differentiation between the Vistula/Western Bug populations and the native one in the middle Dnieper. Plausibly, it results from the very different haplotype H frequency, 0.88-1.00 versus 0.20, respectively. It may be interpreted as a sign of founder effect. Semenchenko et al. (2011) noticed that appearance of racer goby (and also several other alien fishes) in middle Pripyat and in Western Bug, coincided with the increased ship traffic in early 1990s. Thus, the introduction of racer goby to the middle Pripyat and, in consequence, to the Western Bug River could be a result Tab. 1. Racer goby (Babka gymnotrachelus), sampling locations (location numbers in parentheses correspond to Fig. 1 The genetic composition of racer goby population in the Strwiąż River has not been studied so far. Our results show that the haplotype assemblage found in Strwiąż is a subsample of assemblages identified by Ohayon and Stepien (2007) in the Dniester River. Taking into account lack of differentiation between the north-western Dniester and Strwiąż populations as well as the signs of spatial and demographic expansion in the latter, the Dniester River can be authenticated as a source from which the Strwiąż populations originated. A question remains whether the population of racer goby in the Strwiąż River is a native element of fish fauna, like in the others tributaries of the Dniester (Smirnov, 1986; Khudyi, 2002; Romanescu, 2010; Manilo, 2014) or an alien that arrived there recently due to human-mediated range expansion.
The earliest reports of the racer goby from Dniester come from the 19 th century and the species was actually described by Kessler (1857) from the Zbruch River that is a Dniester tributary. The historical information on the distribution of racer goby in the upper Dniester, to which Strwiąż empties, is rather obscure without exact locality data. According to literature the species was generally common and abundant in the upper Dniester in the 1940s (e.g., Jaroshenko et al., 1951; Tatarinov, 1988) . Khudyi (2002) reported that in 1960s the species was found in Dniester at least up to the Bystrica mouth, ca. 154 km downstream from the Strwiąż mouth. Unfortunately, despite much effort paid we could not find any surveys upon the ichthyofauna of the more upper stretch of Dniester. It must be noted that also the fish fauna in the Ukrainian part of the Strwiąż River has never been surveyed. The racer goby was not found in the Polish part of Strwiąż in 1960s, however it must be noted that this historical study included only the uppermost, mountain, section of the river (Rolik, 1967 (Rolik, , 1971 . That section is characterised by stony/pebble bottom with scarcity of gravel-sandy patches and high water velocity 0.35-0.62 m s -1 during middle discharges (Kukuła and Bylak, unpublished data) . Also, no racer goby was found during more recent surveys of same sites in 2003 and 2009 (Amirowicz and Kukuła, 2005 Kukuła and Bylak, 2010) . On the other hand, these latter surveys revealed abundant presence of the species, including all age groups, in more downstream section of Strwiąż, with gravel/stony bottom and sand alluvia with mud layer along the banks. Water velocity was much lower there (0.22-0.36 m s -1 ) to almost stagnant conditions in some parts of the river bed. Racer goby occurred mainly along the banks where velocity ranged from 0.02 to 0.12 m s -1 (Kukuła and Bylak, unpublished data) . Kakareko et al. (2014) revealed that in rivers racer goby occurs mainly in habitats outside the main channel, with relatively slow water velocities on both soft and hard bottom, using a variety of submerged objects as shelters. Also laboratory experiments showed that preferable habitat of racer gobies, irrespective of their size, includes slow water current of ca. 0.1 m s -1 and muddy bottom (Kakareko, 2011) . Thus we may suppose that absence of racer goby in Strwiąż in the historical study by Rolik (1967 Rolik ( , 1971 could result from sampling in the river section with environmental conditions avoided by the species. For example, Polačik et al. (2008) and Haertl et al. (2012) pointed out that infrequent findings of racer goby in Danube are probably due to the fact that most surveys focus on main channel of the river avoided by the racer goby, which is abundant in more muddy and stagnant waters along the river banks. Thus, quite possibly the racer goby is not a newcomer in Strwiąż but simply was overlooked in the only earlier study upon ichthyofauna of this river.
An alternative explanation would be a recent arrival of the species via spontaneous range or human-mediated expansion. However, there is no evidence for such scenarios. For example human-mediated passive dispersal with ships and barges can be excluded, as there is no such traffic along the upper Dniester and Strwiąż. The supporting role of artificial dam reservoirs in the species upstream expansion, often mentioned in case of the invasive goby species in large rivers of Ponto-Caspian basin (Slynko et al., 2011) , can be rejected as racer goby was present in the upper Dniester long before the construction of such reservoirs on this river (Khudyi, 2002) . Transport by anglers could be taken into account, however: i) there is no cross-border movement of anglers with live bait between Poland and Ukraine; ii) the results of tests for population differentiation between middle Dniester and Strwiąż do not suggest point-introductions of low number of individuals (possible founder effect). Finally, due to the lack of historical data from Ukraine upon the distribution of racer goby, we can neither assume nor exclude a recent natural expansion of the species. Generally, according to the rule innocent until proven guilty, the racer goby in Strwiąż cannot be treated as an alien invasive species, contrary to its status in the Vistula drainage. A number of definitions have been proposed for the term alien species (Copp et al., 2005) , but generally they underline the human factor. For example IUCN (2000) defines alien species as species, subspecies, or lower taxon occurring outside of its natural range (past or present) and dispersal potential (i.e., outside the range it occupies naturally or could not occupy without direct or indirect introduction or care by humans). This definition was adopted by The European Parliament and the Council of European Union as a party to the Convention on Biological Diversity and used in their regulations considering invasive species policy in N o n -c o m m e r c i a l u s e o n l y Europe. On the other side, the EU regulation on alien species, No 1143/2014, specifies that species that migrate naturally, e.g., in response to environmental changes, should not be considered as alien in their new environment and should be excluded from the scope of this regulation. Obviously in many instances it is hard to differentiate and highly speculative whether, and to what extent, the environmental changes are natural or humanmediated, especially in indirect way. In cases when a species is not demonstrably native to particular areas, neither evidently introduced, Carlton (1996) proposed the term cryptogenic. In our opinion, the racer goby was most probably overlooked in the historical survey on the ichthyofauna in the Strwiąż River. Thus, its population in this river should probably be treated as native. Alternatively and most cautiously, to leave some window of uncertainty, we could treat it as cryptogenic. By no means, whatsoever, we have an evidence to treat it as alien.
CONCLUSIONS
This double origin of racer goby populations in Poland creates a peculiar situation for the national legislation procedures as one population of a species is clearly alien and invasive, while the other one is not. According to the Polish legislation acts, the racer goby has been enlisted as an alien invasive species whose release to the environment is forbidden due to the possible threat it may pose to local biota (Rozporządzenie Ministra, 2011) . In light of our findings, the population from Strwiąż should be recognised as a special case and excluded from that list. Furthermore, some steps should be undertaken to raise public awareness to prevent translocation of the gobies between the rivers to prevent deterioration of the evolutionarily isolated genetic pools of the Dnieper and of the Dniester basins.
Our results illustrate the need for case studies upon genetic population structure, following appearance of new species in previously unoccupied water bodies, even on local scale. Such studies are often neglected yet they may bring interesting results, important for conservational purposes. 
